The coexistence of multicopy plasmids is a common phenomenon. However, the 18 evolutionary forces promoting these genotypes are poorly understood. In this study, we 19 have analyzed multiple ColE1 plasmids (pB1000, pB1005 and pB1006) coexisting 20 within Haemophilus influenzae RdKW20 in all possible combinations. When 21 transformed into the naïve host, each plasmid type presented a particular copy number 22 and produced a specific resistance profile and biological cost, whether alone or 23 coexisting with the other plasmids. Therefore, there was no fitness advantage associated 24 with plasmid coexistence that could explain these common plasmid associations in 25 nature. Using experimental evolution, we showed how H. influenzae Rd was able to 26 completely compensate the fitness cost produced by any of these plasmids. Crucially, 27 once the bacterium has compensated for a first plasmid, the acquisition of new 28 multicopy plasmid(s) did not produced any extra biological cost. We argue therefore 29 that compensatory adaptation pave the way for the acquisition of multiple coexisting 30 ColE1 plasmids.
Introduction
strain was grown in 2 ml of fresh HTM and the DNA was extracted at an OD600 of 81 approximately 0.9 using the QIAamp DNA Mini Kit (Qiagen, Inc, Chatworth, 82 California, USA). The DNA was quantified using a Nanodrop. Following the 83 indications of Providenti et al. (26) , digested DNA is a better template for plasmid 84 quantification by qPCR than non-digested DNA. Therefore, plasmids were linearized 85 with PstI (Takara, Japan) for 2 hours at 37ºC. In order to determine the average plasmid 86 copy number per chromosome, the chromosomal monocopy gene rpoB was amplified to 87 compare the ratio of plasmid-chromosomal DNA. 88 qPCRs were performed using a My iQ Single Color Real-Time PCR Detetion System 89 (Bio-Rad laboratories) with the iQ SYBR Green Supermix (Bio-Rad Laboratories) at a 90 final DNA concentration of 10 pg/μl. The reaction efficiency was calculated for each 91 reaction based on the standard curve generated by performing a qPCR with five 8-fold 92 dilutions of the template DNA in triplicate (~0.2 ng/µl to 50 fg/µl working range of 93 DNA concentration), and reactions with an R 2 lower than 0.985 were discarded. All 94 primers used in the reactions, as well as the melting temperatures and efficiencies of the 95 qPCRs are described in Table S2 . The amplification conditions were as follows: initial 96 denaturation for 10 min at 94°C, followed by 30 cycles of denaturation for 1' at 94°C, 97 annealing for 1' at 51,7ºC (rpoB) or 58,5°C (pB1000) 55,1ºC (pB1005) and 54,6ºC 98 (pB1006) and extension for 1' at 72°C. Inter-run calibration samples were used to 99 normalize the results from different plates of each qPCR. To calculate plasmid copy 100 number per chromosome we used the following formula:
S c S p everyday as the ratio between the CFU of the resistant and susceptible strains at t1 120 divided by the same ratio at t0. Time (t) was calculated as the log 2 of the dilution factor 121 (i.e. number of bacterial generations). Relative fitness (W) was calculated as 1-s.
122
Epistasis among plasmids was determined as described by Hall et al.(27) Pasteurellaceae (2, 4, 7, 9, 15, (28) (29) (30) . We combined in silico and experimental 141 information to analyze the prevalence of ColE1 plasmid coexistence in nature.
142
We scanned the presence of ColE1 plasmids in the Enterobacteriaceae family where 143 they were first described (16 between the observed and the expected distribution of genomes bearing zero, one, and 153 two or more ColE1 plasmids: (chi-square test, P < 0.001, χ 2 = 0.903, df = 2) ( Figure 1 ).
154
Observed strains lacking plasmids are as common as expected, while strains carrying 155 only one ColE1 replicon were underrepresented and the strains bearing 2 or more ColE1 156 plasmids were overrepresented. These results confirm a tendency towards ColE1 157 plasmid coexistence in enterobacteria.
158
In Pasteurellaceae there were too few genomes available in databases for a robust 159 analysis. However, previous works suggested that ColE1 plasmid coexistence is also 160 common (9-12, 31, 32). Actually, plasmid pB1000, which is the most widely distributed 161 ColE1-like plasmid in this family, has been always described coexisting with other 162 ColE1 plasmids: in Haemophilus parasuis (32), Pasteurella aerogenes (33) 163 Actinobacillus pleuropneumoniae (Accesion number to GenBank: CP001904) and
164 Pasteurella multocida (9) (see Table S1 ). Taken together, our data showed that 165 coexistence of ColE1-like plasmids is a frequent event in nature.
166
Biological cost of ColE1 plasmids has a multiplicative effect 167 Plasmids produce a fitness cost in bacteria (19, 20) . It is reasonable to assume that highly similar conserved region with the plasmid housekeeping functions ( Figure S1 ).
183
To estimate the biological cost associated with the replicon(s), we performed direct 184 competition assays between H. influenzae Rd strain bearing the plasmid(s) and the 185 plasmid-free H. influenzae Rd strain in culture medium lacking antibiotic pressure. As 186 expected, bacteria bearing one or more plasmid(s) were less fit than the ancestral strain 187 (Table 1 and Figure 2) . In order to test if epistatic interactions were able to explain 188 coexistence of ColE1 replicons, we calculated epistasis as described by Hall et al. (27) 189 (see methods). No significant epistatic interactions were found across the four The cost of ColE1-like plasmids is proportional to total plasmid copy number 200 Previous reports showed that the biological cost of a single plasmid, including a ColE1 201 plasmid (18, 35) , is proportional to its copy number in the host cell (19, 36) . We 202 measured plasmid copy number (PCN) of pB1000, pB1005 and pB1006 in all the 203 strains using quantitative PCR (qPCR) (Table 1, Figure 3 ). For all three plasmids, their 204 specific PCN remained equal whether coexisting with the other plasmids or inhabiting 205 the cell alone: pB1000 (ANOVA: P = 0.95; F = 0,10; df = 3, 16), pB1005 (ANOVA: P 206 = 0,79; F = 0,33; df = 3, 16) and pB1006 (ANOVA: P = 0.54; F = 0,75; df =3, 16).
207
These results suggested that replication of these ColE1 plasmids, and therefore PCN 208 control, remained independent despite the high similarity of their conserved region.
209
Interestingly the total PCN, regardless of plasmid type, strongly correlated with the 210 reduction of relative fitness in the host bacteria (Pearson's test r(19) = 0.90; P <0.001)
211
( Figure 3) . Therefore, the total number of plasmids present in the cell could explained 212 the biological cost imposed by these ColE1 replicons in a non-adapted host, even when 213 the plasmids carried different resistance genes.
214
We also analyzed the resistance levels conferred by the plasmids in the different 215 combinations. We measured the minimal inhibitory concentration (MIC) of the three 216 main antibiotics counteracted by the three plasmids (pB1006; tetracycline, pB1005; 217 streptomycin and pB1000; ampicillin). The resistance levels conferred by these 218 plasmids remained constant whether they were alone or coexisting, suggesting that 219 plasmid coexistence did not affect the expression level of these genes (Table 1) .
220
In summary, our results showed that recently acquired ColE1 plasmids acted as 221 independent biological units in the cell, conferring antibiotic resistance, maintaining 222 copy number and imposing fitness costs autonomously. together in these clones. We measured the relative fitness of all these clones and, 240 interestingly, there were no significant differences among the relative fitnesses of were not related with a decrease in the plasmid copy number.
248
To confirm that the absence of costs associated to additional plasmid carriage in our 
262
Taken together, these results showed that compensation of the cost produced by pB1000 263 facilitated the acquisition of pB1005 and pB1006 cost by the host bacterium at no 264 additional ( Figure 5) .
265

Conclusion 266
This study provides new information regarding the biology, cost, persistence and 267 maintenance of multicopy plasmids in bacterial populations. ColE1 plasmids tend to 268 coexist in natural bacteria, conferring antibiotic multiresistance (9, 13, 14) . Our results 269 suggest that compensatory evolution mitigating the initial cost produced by a ColE1 Table S1 . Strains and plasmids used in this study.
499
Strains and plasmids used in the compensation-acquisition hypothesis. a Tet, 500 tetracycline; Str, streptomycin and Amp, ampicillin; "R" and "S" means resistant and 501 susceptible respectively. Table S2 . Primers used in this study.
505
Primers used in the qPCRs. The sequence, fragment amplified, efficiency of the qPCR 506 and Annealing Tº of the primers are indicated.
507
